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DESCRIPTION 

SEMICONDUCTOR DEVICE AND MODULE USING THE SAME 

Technical Field 
[0001] 

The present invention relates to a semiconductor 
device constructed by mainly using a wide bandgap 
semiconductor such as silicon carbide (SiC), GaN, diamond or 
the like, as well as a module using the same. 

Background Art 
[0002] 

FIG. 10 is a conceptual view illustrating an 
inverter for motor control as one example of a module using a 
conventional semiconductor device. In using a semiconductor 
device (power device) adapted to control a motor 1 as an IC or 
a module as shown in FIG. 10, it has been technically 
difficult to integrate a control circuit 3 comprising, for 
example, a low- voltage control/logic semiconductor circuit to 
be driven by a low-voltage power supply 2 and power switching 
devices 5H and 5L adapted to handle a high-voltage large 
current supplied from a high-voltage power supply 4 into one 
chip or to pack these circuit and devices into the same 
package. For this reason, small number of such ICs or modules 
that can be widely used for industrial purposes has been 
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reported. Power ICs and modules fabricated by the current Si 
semiconductor technology are formed through a quite 
complicated process fully utilizing an isolation technique for 
electrically isolating low-voltage devices from high-voltage 
devices . 
[0003] 

In a semiconductor device called "intelligent power 
module" (IPM) (see non-patent document 1 for example), in 
particular, a gate drive circuit 6, which is associated with 
the high- side power switching device 5H of the power switching 
devices (IGBTs, MOSFETs or the like) included in the inverter 
adapted to control the motor 1 or the like, needs to operate 
in a high-potential condition floating relative to the ground 
potential and, hence, a high-potential floating power supply 7 
is also needed. This is because the potential of the 
connecting portion between the high- side power switching 
device 5H and the low- side power switching device 5L which are 
connected to the load fluctuates constantly depending upon the 
conditions of the power switching devices and, hence, the 
power switching device 5H, which is on the high side relative 
to such a fluctuating potential, needs to be applied with a 
gate potential for switching control. To this end, a level 
shift technique is needed such as to allow signals relative to 
the ground potential used as a reference that are fed from the 
control circuit 3 to be transferred to the gate drive circuit 
6 in a high-potential floating condition. 
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Patent document 1: Japanese Patent Laid-Open Publication No. 
HE I 10-027853 

Patent document 2: Japanese Patent Laid-Open Publication No. 
HE I 06-260601 

Patent document 3: Japanese Patent Laid-Open Publication No. 
HE I 08-335863 

Patent document 4: Japanese Patent Laid-Open Publication No. 
2000-286391 

Non-patent document 1: "POWER DEVICE -POWER IC HANDBOOK", 
CORONA PUBLISING CO., LTD., edited by high-performance and 
high- capability power device and power IC research expert 
committee of The institute of Electrical Engineers of Japan, P. 
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Disclosure of Invention 

Problem to be solved by Invention 

[0004] 

A representative level shift circuit used in a 
conventional inverter for driving a Si power device has a 
configuration of the type using a photocoupler as shown in FIG. 
10. In this type of level shift circuit, a LED ( light - 
emitting diode) 9 emits light in response to a signal from the 
control circuit 3, which signal is relative to the ground 
potential serving as a reference, and a photodiode 8 is 
illuminated with light thus emitted to produce an optical 
potential, which in turn is used as a signal for driving the 
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gate of the high- side power switching device 5H. By thus 
using the photocoupler , it becomes possible to transmit the 
signal to the gate drive circuit 6 in a high-potential 
floating condition. One photocoupler is needed for one high- 
side power switching device. Accordingly, for example the 
three-phase output drive circuit shown in FIG. 10 requires at 
least three photocouplers and three power supplys for high- 
side gate drive. 
[0005] 

On the other hand, a gate drive circuit 10 
associated with the low- side power switching devices 5L is a 
low-voltage circuit, which does not require three independent 
floating power supplys unlike the high- side power switching 
device. The drive circuit 10 supplies voltage outputted from 
one low- side power supply 11 to the three low- side power 
switching devices 5L in inverter control. 
[0006] 

The aforementioned type of configuration has a 
drawback that a module incorporating this configuration 
becomes large-sized because the module requires a certain 
degree of capacity for packaging therein the three high- side 
power switching devices 5H, gate drive circuits 6, floating 
power supplys 7, and level shift circuits (photodiodes 8 and 
LEDs 9). Usually, a conventional Si power device, when 
provided with a 10 -ampere (A) switching device, requires a 
size of 5x5 mm 2 , and the gate drive circuit 6 and photodiode 8 
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formed on a separate chip are mounted in this area. In view 
of heat generation from the power switching device 5H, other 
circuit elements are mounted in an independent heat 
dissipation mechanism which is insusceptible to heat generated 
from the power switching device 5H. Further, the LED 9 for 
illuminating the photodiode 8 with light is also separately 
mounted, and the floating power supply 7 (a bootstrap floating 
power supply for example) comprising a high withstand voltage 
diode, a resistor and a capacitor is mounted as well. Since 
three sets of these device components are mounted on the high 
side with heat dissipation taken into consideration, a 
considerable capacity is needed for the device components to 
be packaged. Thus, a 10 -ampere (A) order inverter module 
needs to have a size of not less than 5x5 cm 2 . 
[0007] 

Level shift circuits of other types than the 
aforementioned type using a photocoupler include a level shift 
circuit using a gate drive IC. This gate drive IC is a high 
withstand voltage integrated circuit fabricated by utilizing 
the junction isolation technology to integrate a high 
withstand voltage level shifter and a flip-flop circuit 
together, which are formed by using Si. The principle 
underlying the operation of the gate drive IC is as follows. 
A gate drive signal inputted on the high side is separated 
into a leading edge pulse and a falling edge pulse by a pulse 
generator. These two pulse signals thus separated core 
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inputted to the flip-flop circuit in a floating condition via 
the level shifter and then the high- side gate drive circuit is 
driven by the output of the flip-flop. In this case, the 
power supply used is a bootstrap power supply for example. 
[0008] 

This conventional art needs to form the high 
withstand voltage level shifter, the flip-flop circuit in a 
floating condition and the like each comprising a Si device 
fabricated to ensure that its withstand voltage is high by the 
junction isolation technique and a like technique. Such a 
device needs to have a special device structure with device 
isolation taken into consideration even when the voltage used 
is in the range from several hundred V to about 1.2 kV. Also, 
the fabrication method used is complicated. Further, the 
device needs to be a lateral device of which all the 
electrodes lie on the surface thereof. Thus, the device is 
large- sized (see patent documents 1, 2, 3 and 4 for example). 
[0009] 

The aforementioned level shifter comprises a level 
shift switch 28a to which a resistor Ra is connected and a 
level shift switch 28b to which a resistor Rb is connected as 
shown in FIG. 1 for example. In this case, the resistors Ra 
and Rb need to be connected to the level shift switches 28a 
and 28b, respectively. Accordingly, wires and a wiring 
process as well as the external resistors Ra and Rb are 
required, which impedes the downsizing of the level shifter. 
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[0010] 

The present invention has been made to solve the 
aforementioned problems. Accordingly, it is an object of the 
present invention to provide a semiconductor device which is 
useful in downsizing an inverter device, a level shifter for 
use in such a semiconductor device, and a module using such a 
semiconductor device. Particularly, a vertical- type 
semiconductor device having electrodes formed on the obverse 
and reverse sides thereof according to the present invention 
can be packaged together with a power chip or the like in a 
stacked fashion, thereby realizing a downsized inverter. 
Means for solving Problem 
[0011] 

In order to attain the foregoing object, the present 
invention provides a semiconductor device including: two level 
shift switches each having first and second electrodes, a 
control electrode, a signal output electrode, and a first 
semiconductor region forming a transistor device section which 
intervenes between said first electrode and said signal output 
electrode and is brought into or out of conduction according 
to a signal inputted to said control electrode and a resistor 
device section which intervenes between said signal output 
electrode and said second electrode, said first semiconductor 
region comprising a wide bandgap semiconductor; and a diode 
having a cathode-side electrode, an anode-side electrode, and 
a second semiconductor region comprising a wide bandgap 
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semiconductor . 
[0012] 

The level shift switches and diode thus formed using 
the wide bandgap semiconductor have high withstand voltage 
characteristics, can be downsized, and are operable under 
high- temperature conditions. It is therefore possible to 
downsize the semiconductor device as well as a module using 
the same and an inverter device using such a module or a like 
device. Each of the level shift switches of the present 
invention has the resistor device section formed internally of 
the chip which corresponds to the resistor that has 
conventionally been connected externally of the chip. For 
this reason, such an external resistor and wiring thereof can 
be eliminated, which can contribute to the downsizing of the 
device and simplification of the wiring process. 
[0013] 

In the semiconductor device of the present invention, 
preferably, said first semiconductor region of each of said 
level shift switches has: a wide bandgap semiconductor 
substrate of a first conductivity type; a drift layer of the 
first conductivity type formed on said wide bandgap 
semiconductor substrate; a well region of a second 
conductivity type formed in a surface region of said drift 
layer exclusive of a part of the surface region; a source 
region of the first conductivity type formed in a 
predetermined region of a surface of said well region; and a 
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RE SURF region spaced apart from said source region and formed 
to extend over said well region and said part of the surface 
region of said drift layer, said RESURF region being of the 
first conductivity type or of a stacked structure comprising a 
first conductivity type semiconductor and an intrinsic 
semiconductor, wherein said first electrode is formed on said 
source region; said control electrode is formed over a portion 
of said well region lying intermediate said source region and 
said RESURF region with a gate insulator intervening 
therebetween; said signal output electrode is formed on said 
RESURF region; and said second electrode is formed on a 
reverse side of said wide bandgap semiconductor substrate, and 
wherein said well region, said source region and said RESURF 
region form said transistor device section; and said RESURF 
region, said drift layer including said part of the surface 
region and said wide bandgap semiconductor substrate form said 
resistor device section. The RESURF region is spaced apart 
from the source region by a distance substantially equal to 
the length of the channel portion a MOSFET forming each level 
shift switch, for example, about 1 to about 10 pm. 
[0014] 

In this case, a channel region comprising a wide 
bandgap semiconductor which is of the first conductivity type 
or of a stacked structure comprising a first conductivity type 
semiconductor and an intrinsic semiconductor may be formed 
immediately under said gate insulator to interconnect said 


10 


source region of the first conductivity type and said RESURF 
region of the first conductivity type or of said stacked 
structure comprising a first conductivity type semiconductor 
and an intrinsic semiconductor. This arrangement allows the 
threshold voltage of the transistor device section to be 
adjusted. 
[0015] 

In the semiconductor device of the present invention, 
preferably, said second electrodes of respective of said two 
level shift switches and said cathode- side electrode of said 
diode are integrated into a common electrode. The provision 
of such a common electrode makes it possible to eliminate an 
electrode interconnection process. 
[0016] 

In the semiconductor device of the present invention, 
preferably, said first semiconductor region of each of said 
two level shift switches and said second semiconductor region 
of said diode are formed of a same wide bandgap semiconductor 
substrate and a same wide bandgap semiconductor region formed 
thereon. This arrangement allows the two level shift switches 
and the diode to be formed by one chip. 
[0017] 

In this case, preferably, said wide bandgap 
semiconductor substrate forming said first semiconductor 
region of each of said level shift switches is of a first 
conductivity type; said wide bandgap semiconductor region 


forming said first semiconductor region of each of the level 
shift switches has: a drift layer of the first conductivity 
type formed on said wide bandgap semiconductor substrate; a 
well region of a second conductivity type formed in a surface 
region of said drift layer exclusive of a part of the surface 
region; a source region of the first conductivity type formed 
in a predetermined region of a surface of said well region; 
and a RESURF region spaced apart from said source region and 
formed to extend over said well region and said part of the 
surface region of said drift layer , said RESURF region being 
of the first conductivity type or of a stacked structure 
comprising a first conductivity type semiconductor and an 
intrinsic semiconductor, wherein said first electrode is 
formed on said source region; said control electrode is formed 
over a portion of said well region lying intermediate said 
source region and said RESURF region with a gate insulator 
intervening therebetween; said signal output electrode is 
formed on said RESURF region; and said second electrode is 
formed on a reverse side of said wide bandgap semiconductor 
substrate, and wherein said well region, said source region 
and said RESURF region form said transistor device section; 
and said RESURF region, said drift layer including said part 
of the surface region and said wide bandgap semiconductor 
substrate form said resistor device section. The RESURF 
region is spaced apart from the source region by a distance 
substantially equal to the length of a channel portion of a 
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MOSFET forming each level shift switch, for example, about 1 
to about 10 pm. 

In this case, a channel region comprising a wide 
bandgap semiconductor which is of the first conductivity type 
or of a stacked structure comprising a first conductivity type 
semiconductor and an intrinsic semiconductor may be formed 
immediately under said gate insulator to interconnect said 
source region of the first conductivity type and said RESURF 
region of the first conductivity type or of said stacked 
structure comprising a first conductivity type semiconductor 
and an intrinsic semiconductor. This arrangement allows the 
threshold voltage of the transistor device section to be 
adjusted. 
[0018] 

Preferably, said second electrodes of respective of 
said two level shift switches and said cathode -side electrode 
of said diode are integrated into a common electrode located 
on a reverse side of said wide bandgap semiconductor substrate, 
while said first electrode and said signal output electrode of 
each of said two level shift switches and said anode -side 
electrode of said diode located on an obverse side of said 
wide bandgap semiconductor substrate. The provision of such a 
common electrode makes it possible to eliminate an electrode 
interconnection process . 
[0019] 

Preferably, said two level shift switches and said 
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diode are each device -isolated by a mesa structure or a p-n 
junction on the obverse side of said wide bandgap 
semiconductor substrate . 
[0020] 

In the semiconductor device of the present invention 
described above, preferably, the diode is a Schottky diode 
having a Schottky electrode as the anode- side electrode. Use 
of such a Schottky diode enables a drop in forward voltage to 
decrease thereby realizing a high-speed operation, 
[0021] 

In the semiconductor device of the present invention 
described above, preferably, the wide bandgap semiconductor is 
silicon carbide. 
[0022] 

The present invention also provide a module for use 
in an inverter device including at least one combination of : 
an inverter main circuit section having: a high- side power 
switching device which has a high potential side electrode 
connected to a high potential side power supply line and which 
is ON/OFF-controllable according to a high- side gate drive 
signal; a low- side power switching device which has a low 
potential side electrode connected to a low potential side 
power supply line and which is ON/OFF-controllable according 
to a low- side gate drive signal; and an output terminal 
connected to a low potential side electrode of said high- side 
power switching device and a high potential side electrode of 
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said low- side power switching device, said high- side power 
switching device and said low- side power switching device 
being connected in series between the high potential side 
power supply line and the low potential side power supply line 
which are to be applied with d.c. voltage; a low- side gate 
drive circuit to be supplied with a source voltage from a low- 
side gate drive power supply to generate and output a gate 
drive signal for said low- side power switching device 
according to a low- side control signal for ON/OFF- controlling 
said low- side power switching device; a capacitor having a 
one-side electrode electrically connected to said output 
terminal; a diode having a cathode-side electrode connected to 
an other-side electrode of said capacitor and an anode-side 
electrode through which a current from said low- side gate 
drive power supply flows into said diode when said low- side 
power switching device is turned ON; a first level shift 
switch which includes first and second electrodes, a control 
electrode and a signal output electrode, said first electrode 
being electrically connected to said low potential side power 
supply line, said second electrode being electrically 
connected to said other-side electrode of said capacitor, and 
which is configured to perform an operation such that when a 
first pulse is inputted to said control electrode at start of 
a period during which said high- side power switching device is 
to be kept ON, a second pulse having a potential that depends 
upon a potential of the other -side electrode of said capacitor 
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and is higher than a potential of said first pulse is 
outputted from said signal output electrode; a second level 
shift switch which includes first and second electrodes, a 
control electrode and a signal output electrode, said first 
electrode being electrically connected to said low potential 
side power supply line, said second electrode being 
electrically connected to said other- side electrode of said 
capacitor, and which is configured to perform an operation 
such that when a third pulse is inputted to said control 
electrode at end of said period during which said high- side 
power switching device is to be kept ON, a fourth pulse having 
a potential that depends upon a potential of said other- side 
electrode of said capacitor and is higher than a potential of 
said third pulse is outputted from said signal output 
electrode; a signal generating circuit to be supplied with a 
voltage across the opposite ends of said capacitor as a source 
voltage and configured to generate and output a high- side 
control signal for turning ON said high- side power switching 
device in a manner timed to the output of said second pulse 
from said signal output electrode of said first level shift 
switch and turning OFF said high- side power switching device 
in a manner timed to the output of said fourth pulse from said 
signal output electrode of said second level shift switch; and 
a high- side gate drive circuit to be supplied with a voltage 
across the opposite ends of said capacitor as a source voltage 
and configured to generate and output a gate drive signal for 
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said high- side power switching device according to said high- 
side control signal outputted from said signal generating 
circuit, the module comprising at least one combination of: a 
conductive substrate on which the semiconductor device 
comprising said first and second level shift switches and said 
diode according to any one of claims 1 to 11 and said low- side 
power switching device are mounted, the conductive substrate 
being electrically connected to said output terminal; said 
capacitor having said one-side electrode connected to said 
conductive substrate and said other- side electrode 
electrically connected to said second electrode of each of 
said two level shift switches of said semiconductor device and 
to said cathode-side electrode of said diode; said high-side 
power switching device having said low potential side 
electrode electrically connected to said conductive substrate; 
said signal generating circuit electrically connected to said 
signal output electrode of each of said two level shift 
switches of said semiconductor device and to said capacitor; 
and said high- side gate drive circuit electrically connected 
to each of said signal generating circuit, said high- side 
power switching device and said capacitor. 
[0023] 

With this configuration using the semiconductor 
device of the present invention which can be downsized, it is 
possible to realize a small- sized inverter module. 
[0024] 
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In the module of the present invention, preferably, 
said capacitor is a chip capacitor mounted on said conductive 
substrate and said semiconductor device is mounted as stacked 
on said capacitor. This arrangement allows the module to be 
more downsized. 
[0025] 

In this case, preferably, said conductive substrate 
on which said low- side power switching device, said chip 
capacitor and said semiconductor device are mounted is mounted 
as stacked on said low potential side electrode of said high- 
side power switching device. This arrangement can further the 
downsizing of the module. 
[0026] 

In the module of the present invention, preferably, 
a chip comprising said signal generating circuit and said 
high- side gate drive circuit is mounted as stacked on said 
high- side power switching device. This arrangement allows the 
module to be downsized furthermore. 
[0027] 

The present invention provides another semiconductor 
device comprising: a semiconductor substrate of a first 
conductivity type; a drift layer of the first conductivity 
type formed on said semiconductor substrate; a well region of 
a second conductivity type formed in a surface region of said 
drift layer exclusive of a part of the surface region; a 
source region of the first conductivity type formed in a 
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predetermined region of a surface of said well region; and a 
RESURF region spaced apart from said source region and formed 
to extend over said well region and said part of the surface 
region of said drift layer, said RESURF region being of the 
first conductivity type or of a stacked structure comprising a 
first conductivity type semiconductor and an intrinsic 
semiconductor; a first electrode formed on said source region; 
a control electrode formed over a portion of said well region 
lying intermediate said source region and said RESURF region 
with a gate insulator intervening therebetween; a signal 
output electrode formed on said RESURF region; and a second 
electrode formed on a reverse side of said semiconductor 
substrate. The RESURF region is spaced apart from the source 
region by about 1 to about 10 pm for example. 
[0028] 

According to this construction, a transistor device 
section is formed in which conduction or non-conduction 
between the source region connected to the first electrode and 
the RESURF region is controlled according to a signal inputted 
to the control electrode, and a resistor device section is 
formed between the signal output electrode on the obverse side 
of the semiconductor substrate and the second electrode on the 
reverse side of the semiconductor substrate, the resistor 
device section comprising a portion of the RESURF region 
immediately under the signal output electrode, the drift layer 
including the part of the surface region, and the 
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semiconductor substrate. Thus, a level shift switch can be 
realized such that with a voltage applied across the first and 
second electrodes, a potential equal to the potential of the 
second electrode is outputted to the signal output electrode 
when the transistor device section is out of conduction while, 
when the transistor device section is in conduction, a 
potential equivalent to a voltage resulting from division of 
the voltage across the first and second electrodes by the 
resistance of the resistor device section and the internal 
resistance of the transistor device section, namely, a 
potential lower than the potential of the second electrode by 
a voltage drop caused by the resistor device section is 
outputted from the signal output electrode. Since the 
resistor, which has conventionally been connected externally 
of the chip, is formed as the resistor device section 
incorporated in the chip, such an external resistor and wiring 
thereof can be eliminated, which can contribute to the 
downsizing of the device (level shifter) and simplification of 
the wiring process. 
[0029] 

In this semiconductor device, a channel region of 
the first conductivity type or of a stacked structure 
comprising a first conductivity type semiconductor and an 
intrinsic semiconductor may be formed immediately under said 
gate insulator to interconnect said source region of the first 
conductivity type and said RESURF region of the first 
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conductivity type or of said stacked structure comprising a 
first conductivity type semiconductor and an intrinsic 
semiconductor. This arrangement allows the threshold voltage 
of the transistor device section to be adjusted. 

The "wide bandgap semiconductor" , as used in the 
present description, means a semiconductor having a bandgap of 
not less than 2.0 eV. The bandgap is an energy difference 
between the lower edge of a conduction band and the upper edge 
of a valence band. Examples of such wide bandgap 
semiconductors include silicon carbide (SiC), group III 
nitrides such as GAN and A1N, and diamond. 
[0030] 

The foregoing and other objects, features and 
attendant advantages of the present invention will become more 
apparent from the reading of the following detailed 
description of the preferred embodiments in conjunction with 
the accompanying drawings. 
Advantage of Invention 
[0031] 

The present invention having the arrangements 
described above has the advantage of being capable of 
providing a semiconductor device for use in an inverter device 
or a like device which can contribute to the downsizing of 
such an inverter device, as well as a module using such a 
semiconductor device. 
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Brief Description of Drawings 
[0032] 

[FIG. 1] FIG. 1 is a circuit diagram showing one exemplary 
circuit configuration of an inverter according to an 
embodiment of the present invention. 

[FIG. 2] FIG. 2 is a circuit diagram showing another 
exemplary circuit configuration of the inverter according to 
the embodiment of the present invention. 

[FIG. 3] FIG. 3 is a timing chart of signals at different 
sections of the inverter according to the embodiment of the 
present invention. 

[FIG. 4] FIG. 4 is a sectional view showing one exemplary 
sectional structure of a semiconductor device (integrated 
chip) according to the embodiment of the present invention. 
[FIG. 5] FIG. 5 is a sectional view showing another exemplary 
sectional structure of the semiconductor device (integrated 
chip) according to the embodiment of the present invention. 
[FIG. 6] FIG. 6 is a sectional view showing yet another 
exemplary sectional structure of the semiconductor device 
(integrated chip) according to the embodiment of the present 
invention. 

[FIG. 7] FIG. 7 is a conceptual view showing one exemplary 
configuration of an inverter module according to the 
embodiment of the present invention. 

[FIG. 8] FIG. 8 is a conceptual view showing another exemplary 
configuration of the inverter module according to the 
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embodiment of the present invention. 

[FIG. 9] FIG. 9 is a conceptual view showing yet another 
exemplary configuration of the inverter module according to 
the embodiment of the present invention. 

[FIG. 10] FIG. 10 is a conceptual view showing a conventional 
inverter for use in motor control. 
Description of Reference Characters 
[0033] 

I. . .three-phase motor 

2 . . . low- voltage power supply 

3 . . . control circuit 

4 .. .high -voltage power supply 

5H. . .high- side power switching device 

5L. . .low- side power switching device 

6 .high- side gate drive circuit 

7 .. .high-potential floating power supply 

8 . . . photodiode 

9. . .LED 

10 ... low- side gate drive circuit 

II . .. low-side gate drive power supply 
21 ... low- side power switching device 
2 Is... source electrode 

21g. . .gate electrode 
21d. . . drain electrode 
22 . . .resistor 
23 . . .diode 
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24 .bootstrap capacitor 

25 .. .high-side power switching device 

25s... source electrode 

25d. . .drain electrode 

26 .. .high-side gate drive circuit 

27. . .flip-flop circuit 

28A,28B. . .resistor- incorporating level shift switch 

28a, 28b. . .level shift switch 

29. . .integrated chip 

31. . .insulating plate 

41... chip capacitor 

42 .. .conductive plate 

43. . .inverter output terminal 

50s... wide bandgap semiconductor substrate of the first 
conductivity type 

50d... drift layer of the first conductivity type 

51. . .Schottky electrode 

52a, 52b. . .mesa isolation section 

53a, 53b. . .well region of the second conductivity type 
54 . . . source region of the first conductivity type 
55... channel region of the first conductivity type or of 
stacked structure comprising a first conductivity type 
semiconductor and an intrinsic semiconductor 
56...RESURF region of the first conductivity type or of 
stacked structure comprising a first conductivity type 
semiconductor and an intrinsic semiconductor 
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57. . . JFET region 
58s .. • source region 
58g. . .gate electrode 
58o... output electrode 
58d... common electrode 
59. . .gate insulator 

Best Mode for Carrying Out the Invention 
[0034] 

Hereinafter, preferred embodiments of the present 
invention will be described with reference to the drawings. 
Embodiment 

[Level Shift Circuit] 

A semiconductor device according to an embodiment of 
the present invention is a level shift circuit for use in an 
inverter for motor control as shown in FIG. 10 for example. 
The circuit configuration of this inverter shown in FIG. 10 is 
characterized by the arrangement of a portion for controlling 
high- side power switching devices 5H. 
[0035] 

FIG. 1 is a circuit diagram showing one exemplary 
circuit configuration of an inverter according to the 
embodiment of the present invention. In FIG. 1, one pair of 
low- side and high- side power switching devices (one phase) is 
picked out of, for example, three pairs of low- side and high- 
side power switching devices (three phases) as shown in FIG. 
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10. 

[0036] 

The high- side power switching device 25 (designated by 
5H in FIG. 10) and the low-side power switching device 21 
(designated by 5L in FIG. 10) are connected in series and a 
high- voltage power supply 4 (see FIG. 10) is connected to the 
opposite ends of the series. The low- side power switching 
device 21 is controlled by a gate drive circuit 10. A low- 
side power supply 11 supplies voltage to be applied to a gate 
electrode 21g via the gate drive circuit 10. This power 
supply 11 is connected to a drain electrode 2 Id of the low- 
side power switching device 21 via a resistor 22, a high 
withstand voltage diode 23 and a capacitor 24. This portion 
functions as a bootstrap power supply for storing voltage from 
the power supply 11 in the capacitor 24 when the low- side 
power switching device 21 is ON (in conduction). The drain 
electrode 2 Id of the low- side power switching device 21 is 
also connected to an output terminal 43 as well as a source 
electrode 25s of the high-side power switching device 25. A 
drain electrode 25d of the high- side power switching device 25 
is connected to a power supply line applied with a potential 
HV on the high potential side of the high voltage power supply 
4 (see FIG. 10). 
[0037] 

The voltage stored in the capacitor 24 is supplied as 
a source voltage to be applied to a gate drive circuit 26 and 
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a flip-flop circuit 27. 
[0038] 

The gate drive circuit 26 in an electrically floating 
condition applies a gate electrode 25g of the high-side power 
switching device 25 with either the potential of the source 
electrode 25s of the high-side power switching device 25 
(potential of a node F) or a potential (potential of a node R) 
higher than the potential of the source electrode 25s by a 
value corresponding to a voltage across the opposite ends of 
the capacitor 24 (voltage across F-R) . The gate drive circuit 
26 selects and outputs the potential of the node F or the 
potential of the node R according to a control signal 27 -out 
inputted thereto from the flip-flop circuit 27. Two level 
shift switches 28a and 28b each comprising an nMOSFET input 
pulse signals 28a-out and 28b-out which are different in 
timing to the flip-flop circuit 27, which in turn outputs the 
control signal 27 -out in the form of rectangular wave to the 
gate drive circuit 26. The pulse signals 28a-out and 28b-out 
transferred from the two level shift switches 28a and 28b 
determine the rise timing and fall timing of the rectangular 
wave outputted from the flip-flop circuit 27. Such a 
rectangular wave functions as a gate control signal for the 
high- side power switching device 25. The two level shift 
switches 28a and 28b are controlled by pulse signals Sa and Sb 
outputted from a pulse generating circuit 30 which generates 
the pulse signals Sa and Sb from a high- side control signal SH 
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outputted from a control circuit 3. The control circuit 3 
outputs the high- side control signal SH to the pulse 
generating circuit 30 while outputting a low- side control 
signal SL to the gate drive circuit 10. The low-side gate 
drive circuit 10 applies the voltage of the low- side power 
supply 11 to the gate electrode 21g of the power switching 
device 21 to keep the power switching device 21 ON while the 
low-side control signal SL is at a high level for example. 
The high- side control signal SH outputted from the control 
circuit 3 as well as the low- side control signal SL is a 
signal relative to the ground potential serving as a reference. 
[0039] 

In this circuitry, the potential of the node F 
interconnecting the low- side power switching device 21 and the 
high- side power switching device 25 varies between the ground 
potential and the positive potential HV on the high potential 
side depending upon the operating conditions of the switching 
devices 21 and 25. Accordingly, the potential to be applied 
to the gate electrode 25a of the high- side power switching 
device 25 needs to be controlled under a condition that a 
portion enclosed by dotted line A in FIG. 1 is floating. It 
is the level shift switches 28a and 28b that shift the levels 
of the control signals to be fed to this floating portion. 
[0040] 

The operation of the configuration shown in FIG. 1 
will be described in more detail with reference to FIG. 3. 
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FIG. 3 is a timing chart of signals at different sections of 

the configuration shown in FIG. 1. 

[0041] 

Initially, the low- side control signal SL outputted 
from the control circuit 3 drives the low- side gate drive 
circuit 10 to ON (in conduction) /OFF (out of conduction) - 
control the low-side power switching device 21. At time tl in 
FIG. 3, the gate drive circuit 10 applies a gate bias 21s-g to 
the switching device 21 and then it turns ON, whereby the 
potentials of the output terminal 43 (OUT) and the one -side 
end (node) F of the capacitor 24 each assume the ground 
potential. At that time, the potential of the power supply 11, 
relative to the ground potential at the one- side end F of the 
capacitor 24 is applied to the other- side end of the capacitor 
24 via the resistor 22 and the diode 23 to charge the 
capacitor 24, so that the voltage across F-R rises. 
[0042] 

When the switching device 21 becomes free of the 
gate bias 21s -g at time t2, the switching device 21 turns OFF 
and, hence, the potential of the output terminal 43 (OUT) and 
the potential of the one -side end F of the capacitor 24 vary 
due to the load. Even when the potential of the one-side end 
F of the capacitor 24 varies, the voltage across F-R does not 
vary because the charge stored in the capacitor 24 is 
conserved. 
[0043] 
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When the control circuit 3 outputs the high- side 
control signal SH as shown in FIG, 1, the pulse generating 
circuit 30 detects the leading edge and falling edge of the 
control signal SH and then generates the pulse signal Sa and 
the pulse signal Sb in response to respective of the 
detections of the leading edge and the falling edge during the 
period from time t3 to time t4. While the pulse signal Sa is 
being outputted, the level shift switch 28a is kept ON. While 
the level shift switch 28a is kept ON, the pulse signal 28a- 
out is outputted (at time t3). While the pulse signal Sb is 
being outputted, the level shift switch 28b is kept ON. While 
the level shift switch 28b is kept ON, the pulse signal 28b- 
out is outputted (at time t4). Here, the potential of the 
pulse signal 28a-out is a potential equivalent to a voltage 
resulting from division of the voltage corresponding to 
difference between the potential of the terminal (node) R of 
the capacitor 24 and the ground potential upon output of the 
pulse signal 28a-out by the resistance of a resistor Ra and 
the internal resistance of the level shift switch 28a , namely, 
a potential lower than the potential of the terminal R of the 
capacitor 24 by value equivalent to a voltage drop caused by 
the resistor Ra. Similarly, the potential of the pulse signal 
28b-out is a potential equivalent to a voltage resulting from 
division of the voltage corresponding to difference between 
the potential of the terminal R of the capacitor and the 
ground potential upon output of the pulse signal 28b-out by 
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the resistance of a resistor Rb and the internal resistance of 
the level shift switch 28b, namely, a potential lower than the 
potential of the terminal R of the capacitor 24 by a value 
equivalent to a voltage drop caused by the resistor Rb. The 
pulse potentials of the respective pulse signals 28a- out and 
28b-out are higher than the pulse potentials of the respective 
pulse signals Sa and Sb. 
[0044] 

When the level shift switch 28a inputs the pulse 
signal 28a-out to the flip-flop circuit 27 in a floating 
condition at time t3, the output 27 -out of the flip-flop 
circuit 27 becomes high and, accordingly, the high- side gate 
drive circuit 26 produces an output 26 -out equal to the 
potential of the node R to apply a gate bias 25s -g to the 
high- side power switching device 25. Then, the high-side 
power switching device 25 turns ON, so that the potential OUT 
of the output terminal 43 and the potential of the one- side 
end F of the capacitor 24 each assume the high potential HV. 
[0045] 

When the level shift switch 28a inputs the pulse 
signal 28b-out to the flip-flop circuit 27 at time t4, the 
output 27 -out of the flip-flop circuit 27 becomes low and, 
accordingly, the high- side gate drive circuit 26 produces the 
output 26-out equal to the potential of the node F, so that 
the gate bias 25s-g applied to the high- side power switching 
device 25 becomes zero. Then, the high-side power switching 
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device 25 turns OFF, thus allowing the potential OUT of the 
output terminal 43 and the potential of the one-side end F of 
the capacitor 24 to vary due to the load. 
[0046] 

Thereafter, the circuit shown in FIG. 1 repeats the 
operations thus performed during the period from time tl to 
time t4 to serve as an inverter. 
[0047] 

A variation of the circuit configuration as shown in 
FIG. 2 is possible. The circuit configuration shown in FIG. 2 
is different from that shown in FIG. 1 only in that the 
resistor 22 forming part of the bootstrap power supply is 
connected to the output line of the low- side gate drive 
circuit 10 instead of being directly connected to the low-side 
gate drive power supply 11. The circuit conf iguration having 
the resistor 22 thus connected operates like the circuit 
configuration of FIG. 1. That is, in the case of FIG. 2 the 
voltage of the power supply 11 is applied to the switching 
device 21 from the gate drive circuit 10 during a period for 
which the switching device 21 is to be held ON and, hence, the 
switching device 21 is held ON to charge the capacitor 24 
while the voltage of the power supply 11 is being applied. 
For this reason, the circuit configuration of FIG. 2 operates 
in the same way as the circuit configuration of FIG. 1. 
[0048] 

While each of the configurations shown in FIGs. 1 
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and 2 includes the pulse generating circuit 30 for receiving 
the high- side control signal SH and generating the pulse 
signals Sa and Sb, the control circuit 3 may be configured to 
generate the pulse signals Sa and Sb and input these signals 
directly to the level shift switches 28a and 28b. Though FIGs. 
1 and 2 each show the circuit configuration for one phase only, 
the control circuit 3 outputs control signals SL and SH for 
plural phases, for example, three phases if there are plural 
phases. It is possible that the pulse generating circuit 30 
is provided for each phase or that the pulse generating 
circuit 30 is configured to receive the control signals SH for 
the respective phases and output the pulse signals Sa and Sb 
for a respective one of the plural phases. Alternatively, the 
control circuit 30 may be configured to generate the pulse 
signals Sa and Sb for each of the plural phases and input 
these signals to the level shift switches 28a and 28b in each 
phase. In the case of the control circuit 3 adapted to output 
the pulse signals Sa and Sb, the control circuit 3 is simply 
configured to output the pulse signal Sa to the level shift 
switch 28a at the time the period during which the high- side 
power switching device 25 is kept ON starts and the pulse 
signal Sb to the level shift switch 28b at the time the period 
terminates . 
[0042] 

In the embodiment of the present invention, a 
portion enclosed by dotted line (hereinafter will be referred 
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to as a level shift circuit) in each of FIGs. 1 and 2 is 
integrated on one wide bandgap semiconductor substrate of one 
chip (integrated chip 29). A withstand voltage characteristic 
is critical to each of the level shift switches 28a and 28b 
and the diode 23 of this level shift circuit. Since the level 
shift switches 28a and 28b form part of the gate control 
circuit associated with the power switching device 25, these 
switches do not need any high current and hence can be 
integrated as a small-sized semiconductor device. By 
integrating this part of the gate control circuit requiring 
such a withstand voltage characteristic, the parts count can 
be lowered, which allows, for example, an inverter module to 
be downsized. The level shift circuit (integrated chip 29) 
requiring such a withstand voltage characteristic comprises a 
part of the bootstrap power supply and the level shift 
switches, which are circuit components having different 
circuit functions. For this reason, there has heretofore been 
no idea of integrating these components . 
[0050] 

In the integration according to the embodiment of 
the present invention, the level shift switch 28a and the 
resistor Ra are formed into one device as a resistor- 
incorporating level shift switch 28A, while the level shift 
switch 28b and the resistor Rb formed into one device as a 
resistor- incorporating level shift switch 28B. By so doing, 
the terminals of respective of the level shift switches 28A 
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and 28B and the diode 23 on one side are commonly connected to 
the one-side terminal R of the capacitor 24. This arrangement 
makes it easy to make integration into one chip. 
[0051] 

FIG. 4 is a sectional view showing the sectional 
structure of the integrated chip 29. In this example shown, a 
Schottky diode is used as the diode 23 and a mesa isolation 
structure formed to device -isolate the diode 23 , the resistor- 
incorporating level shift switch 28A and the resistor- 
incorporating level shift switch 28B from each other. 
[0052] 

The diode 23 is the Schottky diode in which a 
Schottky electrode 51 placed on the surface of a drift layer 
50d of a first conductivity type formed on a wide bandgap 
semiconductor substrate of the first conductivity type (n type 
for example) . The Schottky diode is electrically isolated 
from other devices by being surrounded by a mesa isolation 
section 52a. 
[0053] 

The resistor- incorporating level shift switch 28A 
comprises a vertical- type MOSFET including a RESURF structure, 
the MOSFET lying adjacent to the diode 23 but isolated 
therefrom by the mesa isolation section 52a. Well regions 53a 
and 53b of a second conductivity type (p type for example) are 
formed over the drift layer 50d of the first conductivity type 
exclusive of a localized region (JFET region 57) of the drift 
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layer 50d. In the well region 53a of the second conductivity 
type, a source region 54 of the first conductivity type and a 
region 54a of the first conductivity type spaced apart from 
the source region 54 are formed by ion implantation. On the 
surface of the well region 53a of the second conductivity type, 
a channel region 55 and a RESURF region 56 are formed 
continuously with the source region 54, each of the channel 
region 55 and the RESURF region 56 being of the first 
conductivity type or of a stacked structure comprising a first 
conductivity type semiconductor and an intrinsic semiconductor. 
The RESURF region 56 is connected to the JFET region 57 of the 
first conductivity type intervening between the well region 
53a and the other well region 53b of the second conductivity 
type. The RESURF region 56 is spaced apart from the source 
region 54 by about 1 to about 10 pm for example. A source 
electrode 58s is provided on the source region 54, and a 
surface of the channel region 55 is covered with a gate 
insulator 59 on which a gate electrode 58g is formed. An 
output electrode 58o is formed on a surface of the RESURF 
region 56 located above the junction between the RESURF region 
56 and the JFET region 57. 
[0054] 

The resistor-incorporating level shift switch 28B, 
which is formed to have the same structure as the resistor- 
incorporating level shift switch 28A, lies adjacent to the 
resistor- incorporating level shift switch 28A but is isolated 
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therefrom by a mesa isolation section 52b. The disposition of 
the diode 23 and the resistor- incorporating level shift 
switches 28A and 28B in integrated chip 29 may be any 
disposition without any limitation to that shown in FIG. 4. 
[0055] 

On the reverse side of the integrated chip 29, the 
cathode -side electrode of the diode 23 and the drain 
electrodes of respective of the vertical- type MOSFETs forming 
the resistor-incorporating level shift switches 28A and 28B 
are integrated into a common electrode 58d, which is connected 
to the node R connected to the one- side end of the capacitor 
24 shown in FIG. 1. In the present embodiment, the portions 
other than the electrodes 51, 58d, 58s, 58g and 58o and the 
gate insulator 59 each is formed by a wide bandgap 
semiconductor in FIG. 4. 
[0056] 

Since the source electrode 58s of each of the 
re sis tor -incorporating level shift switches 28A and 28B is 
applied with the ground potential, the channel region 55 of 
each MOSFET is OFF (out -of -conduction condition) and the 
potential of the output terminal 58o is equal to that of the 
common electrode 58d when the gate electrode 58g is applied 
with not a positive potential but a potential equal to the 
potential of the source electrode 58s. On the other hand, 
when the gate electrode 58g is applied with a positive 
potential to turn ON the channel region 55 (in -conduct ion 
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condition) , a voltage drop occurs due to current passing from 
the common electrode 58d, through the substrate 50s, drift 
region 50d, the JFET region 57, the RESURF region 56, the 
channel region 55 and the source region 54, to the source 
electrode 58s, so that a potential lower than the potential of 
the common electrode 58 by the product obtained by 
multiplication of the electrical resistance between the common 
electrode 58d and the output electrode 58o (the resistance 
corresponding to the resistor Ra or Rb in FIG. 1, i.e., the 
total electrical resistance of a portion of the RESURF region 
56 immediately under the output electrode 58o, the JFET region 
57, the drift region 50d and the substrate 50s) and the 
current passing therethrough is outputted to the output 
electrode 58o. The potential to be outputted from the output 
terminal 58o at that time can be set to a desired potential by 
adjusting the electrical resistance between the common 
electrode 58d and the output electrode 58o (the resistance 
corresponding to the resistor Ra or Rb in FIG. 1) and the 
electrical resistance of the RESURF region 56 extending 
between the output electrode 58o and the channel region 55 
(the resistance substantially corresponding to the internal 
resistance of the level shift switch 28a or 28b of FIG. 1) in 
the circuit design. The output electrodes 58o of the 
respective resistor- incorporating level shift switches 28A and 
28B output their respective potentials as the pulse signals 
28a-out and 28b-out indicated at FIG. 1 to the flip-flop 
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circuit 27. 
[0057] 

The resistor- incorporating level shift switches 28A 
and 28B thus constructed have incorporated therein the 
respective resistors Ra and Rb shown in FIG. 1, which have 
conventionally been included in external circuitry. For this 
reason, it is possible to eliminate such external resistors 
and wiring thereof, hence, downsize the device and eliminate 
wires and wiring thereof for external circuitry. This 
advantage can be obtained not only in cases where the 
resistor-incorporating level shift switches 28A and 28B are 
formed using a wide bandgap semiconductor as in the present 
embodiment but also in cases where such level shift switches 
are formed using a Si semiconductor. 
[0058] 

Though there is no need to provide the channel 
region 55 of the first conductivity type or of the stacked 
structure comprising the first conductivity type semiconductor 
and the intrinsic semiconductor immediately under the gate 
insulator 59, the provision of the channel region 55 makes it 
possible to adjust the threshold voltage of the MOSFET. In 
cases where the level shift switches 28A and 28B are formed 
using such a wide bandgap semiconductor as SiC as in the 
present embodiment, in particular, the threshold voltage rises 
if the channel region 55 of the first conductivity type or of 
the stacked structure comprising the first conductivity type 
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semiconductor and the intrinsic semiconductor is not provided. 
Thus, the provision of the channel region 55 enables the 
threshold voltage to lower. With the channel region 55, the 
channel region 55 forms a FET channel region, while, without 
the channel region 55, a surface region and its adjacent 
region of a portion of the well region 53a lying just below 
the gate electrode 58g form a FET channel region. 

Further, because the level shift switches 28A and 
28B may share a common source electrode 58s, it is possible 
that such a common source electrode 58s to be shared by the 
two level shift switches 28A and 28B is provided and that the 
two level shift switches 28A and 28B are symmetric in 
structures with respect to the common source electrode 58s as 
shown in FIG. 5. 
[0059] 

A p-n junction diode may be used as the diode 23. 
However, the use of a Schottky diode as in the present 
embodiment ensures a smaller drop in forward voltage, hence, a 
higher-speed operation. 
[0060] 

While device isolation is made by the mesa isolation 
sections 52a and 52b in FIG. 4, it is possible to provide 
device isolation regions 52A and 52B each comprising a second 
conductivity type region forming a p-n junction with the drift 
layer 50d of the first conductivity type as shown in FIG. 6 
instead of the mesa isolation section 52a and 52b. In the 
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case of FIG. 5, similarly, it is possible to provide the 
device isolation region 52A comprising a second conductivity 
type region forming a p-n junction with the drift layer 50d of 
the first conductivity type as shown in FIG. 6 instead of the 
mesa isolation region 52a. 
[0061] 

[Inverter Module] 

FIGs. 7 to 9 are each a conceptual view showing an 
inverter module constructed using the integrated chip 29 
comprising the level shift circuit described above. In each 
of FIGs. 7 to 9, there are three parallel output terminals 43 
(OUT) to be connected to the load on the inverter module for 
driving a three-phase motor (see FIG. 10) for example. In 
each of FIGs. 7 to 9, the low- side and high- side power 
switching devices 21 and 25 are each formed using a wide 
bandgap semiconductor except the gate insulator and the 
electrodes and each comprise a chip constituted by a vertical 
nMOSFET in which a drain electrode is formed on the reverse 
side of the vertical nMOSFET. In each of FIGs. 7 to 9, the 
source electrode 21s and the gate electrode 21g of each low- 
side power switching device 21 and the source electrode 25s 
and the gate electrode 25g of each high -side power switching 
device 25 are each shown by a pad thereof formed on a chip 
surface for connection with external circuitry. The source 
electrodes 21s of the three low- side power switching devices 
21 are respectively electrically connected to the source 
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electrodes 58s (see FIG. 4) of the respective three pairs of 
res is tor -incorporating level shift switches 28A and 28B 
integrated on respective chips 29, as well as to the power 
supply line applied with the ground potential. The drain 
electrodes located on the reverse sides of the respective 
power switching devices 21 are connected to respective of 
conductive plates 42 each comprising a metal plate or the like. 
Each of the conductive plates 42 is connected to a respective 
one of the output terminals 43 while being electrically 
connected to the source electrode 21 of the high- side power 
switching device 25 paired with the associated one of the low- 
side power switching devices 21. 
[0062] 

The three high- side power switching devices 25 are 
mounted on a common conductive plate 44 comprising a metal 
plate or the like, while the drain electrodes located on the 
reverse sides of the respective switching devices 25 connected 
to the conductive plate 44 . This conductive plate 44 is 
connected to the power supply line applied with the potential 
HV from the high potential side of the high voltage power 
supply 4 (see FIG. 10). The gate drive circuit 26 and the 
flip-flop circuit 27 electrically connected to the output 
electrodes 58o (see FIG. 4) of the respective resistor- 
incorporating level shift switches 28A and 28B integrated on 
the integrated chip 29 are packaged as one chip stacked on 
each of the high- side power switching devices 25 and operate 
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in a floating condition. The driving voltage to be supplied 
to this chip is generated by electric charge stored in the 
capacitor 24 of the bootstrap power supply. Here, each of the 
gate drive circuit 26 and the flip-flop circuit 27 may 
comprise either a Si semiconductor or a wide bandgap 
semiconductor. The chip incorporating the gate drive circuit 
26 and the flip-flop circuit 27 has a reverse side provided 
with a pad for connection with the source electrode 25s of the 
associated power switching device 25 and a pad for connection 
with the associated gate electrode 25g, the pads being 
connected to respective of these electrodes. 
[0063] 

Though the integrated chip 29 is shown as somewhat 
enlarged in FIG. 7 so that its shape and condition can be 
viewed clearly, the integrated chip 29 does not need to 
control any high current unlike the other power switching 
device 21 or the like and hence is usually sized as small as 
1/10 of the power switching device 21 or smaller. In the case 
of FIG. 7, the integrated chip 29 is mounted as stacked on the 
conductive plate 42 equipped with the low- side power switching 
device 21 with an intervening insulating plate therebetween. 
It was confirmed that such an arrangement facilitated wiring 
and a like process and hence made it possible to realize a 
small-sized module easily. In the case of FIG. 7, the 
capacitor 24, which is included in the external circuitry, has 
its one-side terminal F (see FIGs. 1 and 2) connected to the 
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conductive plate 42 and the other-side terminal R (see FIGs. 1 
and 2) connected to the common electrode 58d (see FIG. 4) of 
the integrated chip 29 as well as to the chip incorporating 
the gate drive circuit 26 and the flip-flop circuit 27. 
[0064] 

As shown in Fig. 8, if a chip capacitor 41 (i.e., the 
capacitor 24 shown in FIG.l), such as a stacked dielectric 
capacitor for example, is provided instead of the insulating 
plate 31 of FIG. 7, any external capacitor and wiring thereof 
can be eliminated, which leads to a further small-sized module. 
This chip capacitor 41 has electrodes on respective of the 
upper and lower sides of the chip, the electrode on the lower 
side (terminal F) being connected directly to the conductive 
plate 42, the electrode on the upper side (terminal R) being 
connected to the common electrode 58d (see FIG. 4) of the 
integrated chip 29. The common electrode 58d is connected to 
the chip incorporating the gate drive circuit 26 and the flip- 
flop circuit 27 via a wire. 
[0065] 

FIG. 9 shows an arrangement wherein the conductive 
plate 42 carrying, as mounted thereon, the low-side power 
switching device 21, the chip capacitor 41 and the integrated 
chip 29 mounted as stacked on the chip capacitor 41 is mounted 
as stacked on the source electrode 25s of the high- side power 
switching device 25. The arrangement made it possible to 
further reduce the capacity of the module, hence, achieve 
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further downsizing. With this arrangement, there is no need 
to interconnect the conductive plate 42 comprising a metal 
plate for example and the source electrode 25s of the high- 
side power switching device 25 by means of a wire, thus 
resulting in the module having a further simplified structure. 
[0066] 

The low- side gate drive circuit 10, the low- side 
power supply 11 and the resistor 22 sure further connected to 
each of the arrangements shown in FIGs. 7 to 9 to form the 
module. With either of the circuit configurations shown in 
FIGs. 1 and 2, the output line of the low- side gate drive 
circuit 10 supplied with voltage from the power supply 11 is 
connected to the gate electrode 21g of each power switching 
device 21 in any one of the arrangements shown in FIGs. 7 to 9. 
In the case of the circuit configuration shown in FIG. 1, one 
end of the resistor 22 is connected to the anode -side 
electrode (pad) 23s which is connected to the Schottky 
electrode 51 (see FIG. 4) of the diode 23 and formed on the 
obverse side of the integrated chip 29 with an interlayer 
insulator (not shown) intervening therebetween, while the 
other end of the resistor 22 connected to the power supply 11. 
In the case of the circuit configuration shown in FIG. 2, the 
resistor 22 is inserted between the anode-side electrode (pad) 
23s of the diode 23 formed on the obverse side of each 
integrated chip 29 and the gate electrode 21g of the 
associated power switching device 21. In this case, the gate 
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electrode 21g of the power switching device 21 and the 
electrode 23s of the diode may be interconnected via a thin 
wire L having a high resistance depicted by dotted line in FIG. 
7. Further, though the source electrode 21s of each power 
switching device 21 is connected to the source electrodes of 
the respective resistor- incorporating level shift switches 28A 
and 28B via separate wires, it is possible that the source 
electrodes of the respective resistor- incorporating level 
shift switches 28A and 28B are formed into an integral source 
electrode which is connected to the source electrode 21s via 
one wire. Here, either of the circuit configurations shown in 
FIGs. 1 and 2 needs the gate drive circuit 10 for each of the 
plural phases. However, the circuit configuration of FIG. 1 
need not necessarily be provided with the low- side power 
supply 11 and the resistor 22 for each phase, but may be 
provided with only one set of the low- side power supply 11 and 
the resistor 22 to be shared by all the phases (three phases 
in this embodiment). In the case of the circuit configuration 
shown in FIG. 2, the resistor 22 in addition to the gate drive 
circuit 10 is needed for each phase. However, the low- side 
power supply 11 need not necessarily be provided for each 
phase, but only one low- side power supply 11 may be shared by 
all the phases (three phases in this embodiment). 
[0067] 

While each of the arrangements shown in FIGs . 7 to 9 
uses the integrated chip 29 on which the three devices, or the 
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resistor- incorporating level shift switches 28A and 28B and 
the bootstrap diode 23 are integrated together, these three 
devices may be formed on respective of independent and 
separate chips without integration. The circuit components 
formed using the wide bandgap semiconductor are favorable in 
heat conduction and hard to heat. In addition, these 
components operate normally even when heated to about 400° C. 
For this reason, such components can be mounted as stacked one 
upon another, which contributes to the downsizing of the 
module . 
[0068] 

It was confirmed that the above- described inverter 
module having the integrated chip 29 and the power switching 
device chips 21 and 25 each formed using the wide bandgap 
semiconductor was able to attain such a high integration 
density as to reduce the size thereof to 1/5 or less as large 
as the size of a corresponding inverter module having an 
integrated chip 29 section and the power switching device 
chips 21 and 25 each formed using a Si semiconductor. 
[0069] 

While the above-described embodiment uses a MOSFET 
formed using the wide bandgap semiconductor for each of the 
high- side and low- side power switching devices 21 and 25, use 
of an IGBT, MISFET, MESFET or the like formed using the wide 
bandgap semiconductor like the MOSFET can realize a similar 
module satisfying the space- saving and energy- saving 
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requirements described above. 
[0070] 

Even though each of the power switching devices 21 
and 25 is formed using a Si semiconductor, the use of the 
aforementioned integrated chip 29 allows a smaller device to 
be realized than in cases where the integrated chip 29 section 
is formed using the Si semiconductor. 
[0071] 

While the above -described embodiment is directed to 
the three-phase inverter device having three pairs of high- 
side and low-side power switching devices, the present 
invention can be similarly applied to an inverter device 
comprising a single-phase half bridge circuit having one such 
pair or a single -phase full bridge circuit having two such 
pairs . 
[0072] 

It will be apparent from the foregoing description 
that many improvements and other embodiments of the present 
invention may occur to those skilled in the art. Therefore, 
the foregoing description should be construed as an 
illustration only and is provided for the purpose of teaching 
the best mode for carrying out the present invention to those 
skilled in the art. The details of the structure and/or the 
function of the present invention can be modified 
substantially without departing from the spirit of the present 
invention . 
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Industrial Applicability 
[0073] 

The semiconductor device and the module according to 
the present invention are compactly packaged power devices 
which are capable of operating at high speeds with a low loss 
and a high efficiency, which are applicable to small-sized 
inverters for example, and which are useful in a next- 
generation power electronics system or a like system that 
realizes space and energy saving. 


